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INTRODUCTION 

hydrocarbons(terpenoids) 30-70 % of  its d r y  weight by f i x i n g  carbon d iox ide  
i n  t h e  atmosphere ( 1 ) .  Thus,  t h e  use  o f  6. braun i i  could c o n t r i b u t e  t o  t h e  
r educ t ion  of t h e  greenhouse e f f e c t  i f  t h e  hydrocarbons could be used as 
a l t e r n a t i v e  l i q u i d  f u e l .  I n  l a b o r a t o r y ,  hydrocarbons o f  a l g a l  c e l l s  have 
been s e p a r a t e d  by e x t r a c t i o n  wi th  o rgan ic  s o l v e n t  a f t e r  f reeze-drying and 
s o n i c a t i n g  t h e  a l g a l  c e l l s .  However, t h e s e  procedures  a r e  n o t  s u i t a b l e  f o r  
s epa ra t ion  on  a l a r g e  s c a l e  because these  are c o s t l y .  Therefore ,  an 
e f f e c t i v e  method is expected f o r  s e p a r a t i n g  hydrocarbons as l i q u i d  f u e l  from 
ha rves t ed  a l g a l  c e l l s  w i th  h igh  moi s tu re  con ten t .  
method f o r  s e p a r a t i n g  l i q u i d  f u e l  from a l g a l  c e l l s  of B .  b r aun i i  by d i r e c t  
thermochemical l i q u e f a c t i o n .  The d i r e c t  thermochemical l i q u e f a c t i o n  can 
convert  wet biomass such as wood and sewage s ludge  t o  l i q u i d  f u e l  a t  around 
3OO0C and 10 MPa us ing  c a t a l y s t  such as sodium carbonate  ( 2 , 3 ) .  A t  t h e  same 
t ime,  t h e  l i q u i d  o i l  can be e a s i l y  s e p a r a t e d  ( 4 ) .  Therefore ,  i t  i s  expected 
t h a t  an amount of o i l  more than  t h a t  o f  hydrocarbons i n  a l g a l  c e l l s  could be 
obtained because of t h e  l i q u e f a c t i o n  o f  o rgan ic  m a t e r i a l s  such as f i b e r ,  
c e l l u l o s e ,  and p r o t e i n  o t h e r  t han  hydrocarbons i n  a l g a l  c e l l s .  In t h i s  
pape r ,  we discussed t h e  a p p l i c a b i l i t y  o f  t h e  l i q u e f a c t i o n  o f  a l g a l  c e l l s  o f  
B.  b r aun i i  and t h e  y i e l d  and p r o p e r t i e s  of t h e  l i q u i d  o i l  obtained by t h e  
l i q u e f a c t i o n .  

A c o l o n i a l  g reen  microalga.  Botryococcus b r a u n i i ,  accumulates 

We have proposed a new 

-- 
EXPERIMENTAL 

Botryococcus b r a u n i i  Kutzing Berkeley s t r a i n  'was used f o r  l i q u e f a c t i o n .  
Cu l tu re  cond i t ions  v e r e  as fo l lows :  con t inuous  l i g h t  a t  3000 l x  and 25OC i n  
a modified Chu 1 3  medium ( 5 ) .  
f i l t r a t i o n  wi th  a nylon s h e e t  o f  20 u m  mesh. The p r o p e r t i e s  o f  t h e  a l g a l  
c e l l s  a r e  l i s t e d  i n  Table  1. The a l g a l  cel ls  contained 92 % of  water .  
Hydrocarbons i n  a l g a l  c e l l s  were s e p a r a t e d  a s  fo l lows :  f r eeze -d r i ed  a l g a l  
c e l l s  were son ica t ed  wi th  50 m l  o f  hexane f o r  30 min by a Son ica to r  
ZOlM(Kubota, Japan) .  
paper(Toyo Roshi,  Japan)  and t h e  hexane s o l u t i o n  w a s  evaporated a t  3OoC 
under vacuum cond i t ions .  

s t e e l .  Af t e r  
purging t h e  r e s i d u a l  a i r  w i th  n i t r o g e n ,  n i t r o g e n  was added t o  2 MPa and then  
t h e  au toc lave  w a s  s e a l e d .  
au toc lave  by an e l e c t r i c  fu rnace .  Af t e r  h e a t i n g  t h e  au toc lave  up t o  t h e  
r equ i r ed  temperature(200 and 3 0 O o C ) .  t h e  t empera tu re  was maintained f o r  1 h ,  
and then  t h e  autoclave w a s  coo led .  

The procedure for t h e  s e p a r a t i o n  of p roduc t s  is shown i n  F i g .  1. 
o i l  ob ta ined  by l i q u e f a c t i o n  w a s  de f ined  as dichlorornethane s o l u b l e ( i n  t h i s  
paper  r e f e r r e d  t o  a s  primary o i l ) .  
e x t r a c t e d  wi th  hexane(l0 ml-hexane/g-dichloromethane s o l u b l e  x 5 ) .  

was made by a Perkin Elmer Elemental  Analyzer(Mode1 240) and t h e  c o n t e n t  o f  

Algal c e l l s  were washed t h r e e  times by 

The suspension w a s  f i l t e r e d  through No.2 f i l t e r  

Liquefact ion was performed i n  a 300ml au toc lave  made o f  s t a i n l e s s  
The wet a l g a l  c e l l s ( a b o u t  30g)  were charged i n  t h e  au toc lave .  

The r e a c t i o n  was s t a r t e d  by h e a t i n g  t h e  

The 

Hydrocarbons i n  primary o i l  was 

The a n a l y s i s  o f  e l emen ta l  composi t ion(carbon,  hydrogen, and n i t r o g e n )  
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oxygen was calculated by difference. 
according to Dulong's formula, Q=0.3383C+1.442(H-0/8), where C, H, and 0 are 
the weight percentage of carbon, hydrogen, and oxygen, respectively. 
Viscosity was measured by a viscometer(HAAKE, RV12) at 50'C. 

Heating value(MJ/kg) was calculated 

RESULTS AND DISCUSSION 
Properties of hexane soluble of the raw algal cells. 
hexane soluble of the raw algal cells are shown in Table 2 .  
soluble was obtained in the high yield of 58 % of its dry weigh, and had the 
good fluidity(56 cP) and the high heating value(49 MJ/kg). 
Primary oil. The properties of primary oil are shown in Table 3. The yield 
of the primary oil obtained at 30OoC were 52.9 % and that at ZOOOC was 56.5 
%; these values were a little lower than the yield of the hexane soluble of 
the raw algal cells. 
were partly converted to dichloromethane insoluble materials such as char. 

The heating value of the primary oil obtained at 3OO0C was 47.5 MJ/kg 
and that at 2 0 0 ~ ~  was 42.0 MJ/kg; these values were equivalent to petroleum 
oil. Especially, the heating value of the primary oil obtained at 30OoC was 
much higher than that of the oil obtained by liquefaction of other biomass. 
The viscosity of the primary oil obtained at 300°C was as low(94 cP) as that 
of the hexane soluble of the raw algal cells. However, the viscosity of the 
primary oil obtained at 200°C was toohigh to measure it: the primary oil 
was like a rubber. Therefore, the primary oil obtained at 300OC could be 
used as fuel oil. 

The oxygen content of the primary oil obtained at 3OO0C was a little 
higher than that of the hexane soluble of the raw algal cells. However, it 
was much lower than that of the oil obtained by liquefaction of other 
biomass. 
Hexane soluble. The properties of the hexane soluble of primary oil are 
shown in Table 4. The yield of the hexane soluble of the primary oil 
obtained at 3OO0C was 44 % and that at 200°C was 39 % on a dry algal cells 
basis. This meant that the primary oil obtained at 3OO0C contained 83% of 
hexane soluble and that at 200°C contained 69 % of hexane soluble. The 
elemental composition of the three hexane solubles was almost equal. The 
hexane solubles of the primary oil obtained at 300 and 200OC had good 
fluidity as well as the hexane soluble of the raw algal cells. In spite of 
thermal treatment at high temperature, the same properties of the hexane 
soluble of primary oil as that of the hexane soluble of the raw algal cells. 

In summary, The direct thermochemical liquefaction could provide an 
effective method for separating liquid fuel from the hydrocarbon-rich 
microalga, B. braunii. Although the yield of primary oil was a little lower 
than that of the hexane soluble of the raw algal cells, the yield of primary 
oil might be possibly improved by use of suitable catalyst such as sodium 
carbonate. The bench-scale plant to continuously liquefy sewage sludge run 
successfully (6); thus, it might be possible to liquefy the algal cells on a 
large scale. 

The properties of the 
The hexane 

This suggests that hydrocarbons of the raw algal cells 

ACKNOWLEDGMENT 
The authors thank Professor Katsumi Yamaguchi of The University of 

Tokyo for graciously providing Botryococcus braunii Kutzing Berkeley strain. 

References 
1) K. Yamaguchi. H. Nakano, M. Murakami, S .  Konosu, 0. Nakayma, M. Kanda, 

A .  Nakamura, and H. Iwamoto, Agric. Biol. Chem. 51, 493-498, 1987 

1837 



2 )  T. Ogi. S. Yokoyama. T. Minowa, and Y. Dote, Sekiyu Gakkaishi 33, 

3) S. Yokoyama. A .  Suzuki. M. Wurakami. T. Ogi, K. Koguchi, and E. Nakamura, 

4) A .  Suzuki, T. Nakamura, S. Itoh, and S. Yokoyama, Kagaku Kogaku Ronbunshu 

5) C. Largeau. E. Casadevall. C. Berkaloff. and P. Dhamelincourt, 

6) A. Suzuki, T. Nakamura. S. Itoh, and S. Yokoyama, Research Journal of 

383-389, 1990 

Fuel 66. 1150-1155. 1987 

15, 326-334, 1991 

Phytochemistry 19, 1043-1051. 1980 

Japan Sewage Works Association 27, 104-112, 1990 

Algal cells 
I Liquefaction 

I I 
Gas Reaction mixture 

Washing with CHrClz I Filtration 

I I 
CHzClz insoluble CHzClz soluble 
HzO insoluble HzO soluble 

Evaporation 
Drying CHzClz insoluble CHzClz soluble 

Solid residue 

Fip.1 Procedure  for t h e  separation of or imary  oil 
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Table 1 Properties of microalga used for liquefaction 

Moisture content Dry solid Ash Organics 

( 9 6 )  ( % )  (%)I) (%)I) 
92.0 8.0 2 98 

Elemental analysis (%)l) 

C H N 0 

68.7 10.9 1.3 19.1 

1) On a dry algal cells basis 

Table 2 Properties of the hexane soluble of raw algal cells 

Yield Heating Value Viscosity Elemental analysis(%) 

(%)I) (MJ/kg) (cP. @50°C) C H N O  

58 49.4 56 84.6 14.5 0.1 0.9 

1) On a dry  algal cells basis 

Table 3 Properties of primary oil 

Temp. Yield Heating Value Viscosity Elemental analysis(%) 

("Cl (%)I) ( MJ/kg ) (cP, @5O0C) C H N O  

300 52.9 47.5 
200 56.5 42.0 

94 83.3 13.7 0.4 2.6 - 78.6 11.9 0.0 9.5 

1) On a dry algal cells basis 

Table 4 Properties of the hexane soluble of primary oil 

Temp. Yield Heating Value Viscosity Elemental analysis(%) 

("C) (%)I) (MJ/kg) (cP, @50°C) C H N O  

300 44 49.2 77 84.5 14.3 0.1 1.1 
200 39 50.3 170 83.5 15.3 0.1 1.1 

1)On a dry algal cells basis 
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